Abstract -Aims: To study the reliability of adolescents' self-reported drinking and perceived drunkenness in surveys. Methods: The data from two cross-sectional school-based questionnaire surveys with representative cluster samples (the European School Survey Project on Alcohol and Other Drugs, ESPAD) in Finland were used; there were 2161 (1995) and 3109 (1999) 15-year-old respondents. The response rates were 94% and 90% respectively. The measurements analysed were an open-ended and a set of closed-category questions concerning the latest drinking occasion. Results: The set of three closed questions used in 1995 yielded mean amounts of 6.6 (girls) and 8.7 (boys) centilitres of pure alcohol whereas the figures obtained from the open question were 8.5 (girls) and 11.8 (boys) centilitres. With the closed set extended in 1999 into five questions, the two figures among girls were 7.7 (closed) and 7.7 (open) centilitres; the corresponding figures among boys were 11.3 (closed) and 11.7 (open) centilitres. Individual level correlations between the two measures among girls were 0.69 in 1995 and 0.69 in 1999; and 0.69 (1995) and 0.65 (1999) among boys. The numbers of students reporting specific beverage type use were higher when using closed questions compared with an open question. Drunkenness self-reports related logically to amounts of alcohol drunk. Conclusions: The adolescent drinking amount self-reports seem reasonably reliable and valid both on a population and individual level. A set of closed questions may capture the amount drunk even better than an open question.
INTRODUCTION
In epidemiology, the measurement of alcohol drinking practices, along with several other practices of daily life, has been found to be a rather tricky process (Feinstein, 1988) . Population level alcohol consumption figures obtained from self-reports have been notably lower than estimates derived from sales statistics (Edwards et al., 1994) . According to the Finnish Drinking Habit Survey in 1992, the Quantity-Frequency estimate covered ~43% of the estimated total consumption (Mustonen et al., 1999) ; other estimates such as one based on drinking periods had even lesser coverage of the total consumption. It has also been shown that it is a truly difficult task to summarise one's 'usual drinking quantity and frequency' (Midanik et al., 1991) -report discrepancies are not to be interpreted as deliberate efforts to distort the truth. Women seem to forget more of their drinking than men (Lemmens, 1994) . The types of alcoholic beverages also seem to play a role in this phenomenon: the underestimation was highest (26%) for spirits and lowest (4%) for wine (Lemmens, 1994) . To make the drinker's estimation task even harder, the alcohol content of drinks varies not only by beverage type; there are notable brand-to-brand variations and even variations within a particular brand (Martin and Nirenberg, 1991) . In Finland, however, the present alcohol legislation prohibits within-brand variation.
In a review of methodological issues involved in substance use self-report (Morgan, 1997 ) the conclusions were: 1) selfreports of substance use are as reliable and valid as most other behaviours, 2) anonymity and confidentiality are sufficient conditions for enhancing validity, 3) other measures (e.g. collateral reports) cannot be assumed to be automatically more valid than self-reports, 4) self-reports have shown highest construct validity. Plant and co-workers (1985) argued that the overwhelming majority of adolescents were able to provide alcohol drinking data without undue difficulties. Smith et al. (1995) reported that the questionnaire measures of drinking correlated highly with both collateral and diary measures, but were lower than either of the other two measures. In a clinical sample of adolescents and young adults, more frequent drinking was reported on a diary compared with a retrospective method; the discrepancy was larger among more frequent drinkers (Leigh et al., 1998) . In some studies, biological tests have been used to study the validity of substance use in school surveys (Campanelli et al., 1987; Kokkevi and Stefanis, 1991; Wagenaar et al., 1993; Bailey, 1999) . Harrison (1997) concluded that self-administrated questionnaires tend to produce more valid data than interviews where the respondents must speak their responses aloud. Using qualitative methodology in Finland, Jaatinen (2000) noted that the early adolescents were both willing and honest when telling about their drinking.
Regardless of considerable research support for the validity and reliability of adolescents' alcohol self-report measures (e.g. Ahlström et al., 1979; O'Callaghan and Callan 1992; O'Malley et al., 1983; Barnea et al., 1987; Brener et al., 1995; Torsheim et al., 1997; Lintonen, 2001) , issues in drinking pattern measurement are constantly being questioned. In a recent paper on the use of qualitative interviews in assessing drinking patterns, Strunin (2001) argued that the self-report questionnaire method possessed notable shortcomings, especially in the case of adolescents. In his review of the literature, Strunin (2001) cites several studies reporting inconsistent findings on the measurement of adolescent drinking related behaviours. The neglect of specific drinking settings, the failure to address different beverage types, the temporal nature of adolescent drinking behaviour, and more generally, the use of closed-ended questions were identified as likely causes of unreliability in adolescent drinking measurement. Strunin (2001) used a method called 'ethnographic interviewing' among Black adolescents in the USA to illustrate the adolescents' interpretation and contextualization of questions about frequency, type and amount of alcohol consumed. His analyses suggest that the use of pre-coded survey methods can distort our understanding of drinking behaviours among adolescents.
Although adolescent drinking self-report reliability has been studied widely, the studies have mostly concerned themselves with test-retest and construct reliabilities. The general aim of this present work is to study the multiple form reliability (Bowling, 1991, p. 16 ) of adolescent self-reports on alcohol drinking in the context of survey research. We will compare drinking estimates concerning the latest drinking occasion based on traditional closed-category questions with estimates encoded from a verbal description of the beverage types and quantities. Two dataset will be utilized: both contain a similar open-ended question and a set of closed questionsthe 1999 set was developed from the 1995 set to obtain a better coverage of different beverage types. More specifically, the research questions are:
Are students' reports of the amount of alcohol drunk on the latest drinking occasion reliable? Are there beverage-type specific differences in reliability? Are there differences in reliability related to drinking experience? Can students' perceptions of their state of drunkenness be considered reliable?
Based on knowledge of the differences in drinking patterns among Finnish adolescents, all of the analyses are conducted separately for the genders.
SUBJECTS AND METHODS

Data collection
The analyses utilize the Finnish data set collected as part of the European School Survey Project on Alcohol and Other Drugs, ESPAD (Hibell et al., 2000; Ahlström et al., 2001) , coordinated internationally by the Swedish Council for Information on Alcohol and Other Drugs. The ESPAD project collects comparable data on alcohol and other drug use among 15-16-year-old students in European countries using school survey methodology. In 1995, 26 countries participated. In 1999, new countries had joined to comprise a group of 30 countries. Data collection takes place every four years; the data in the following analyses were collected in March 1995 and March 1999. The target populations were adolescents born in 1979 for the 1995 survey and 1983 for the 1999 survey. In Finland, the cohorts generally attended the 9th grade of comprehensive school. It has been calculated (Ahlström et al., 2001 ) that 95% of the cohort was reached when the survey was conducted among the 9th graders in upper secondary schools.
Stratified cluster sampling was used with European Union NUTS2 and urban/rural area division resulting in 10 th strata. The Helsinki metropolitan area formed the 11 th stratum. The sampling unit was a school class. All the pupils in the class answered the questionnaire. Swedish is a minority language in Finland. To facilitate language group difference analyses, the Swedish-language schools were over-sampled in 1995. Another deviation from a simple random sample was the over-sampling in the Helsinki metropolitan area. The over-sampling was corrected for in the analysis by using stratum weights.
In 1995 10 schools and in 1999 one school refused to participate; in both years, they were replaced by other randomly drawn schools from the same stratum. In line with the ESPAD project requirements, data from adolescents not belonging to the target cohorts (1979 and 1983) were deleted from the data set. The average age of the respondents was 15.3 years. The sample sizes were 121 classes with 2161 pupils in 1995 and 177 classes with 3109 pupils in 1999. The response rates were 94% in 1995 and 90% in 1999. None of the students actually refused to take part so the non-response was due to absence from school or class during the data collection.
The data collection took place at the end of March both in 1995 and 1999. The questionnaire was filled in during a lesson supervised by the pupils' own teacher using a normal written test procedure. The questionnaire was available in both Finnish and Swedish corresponding to their status as official languages in Finland. Confidentiality was emphasised in data collection; for example the anonymous questionnaires were sealed in individual envelopes to be sent to the research centre. After rigorous examination of the completed questionnaires, responses from 12 (0.6%) pupils in 1995 and 17 (0.5%) pupils in 1999 were removed because of poor quality data; in 1999, corrections were made to one or more items on 3% of all data records during this process. More detailed information on the data collection procedures has been published in Ahlström et al. (1997) and (2001).
Measurement
The amount of alcohol drunk on the latest drinking occasion was measured both using a set of closed questions and an open question. The closed questions were: 'The last time you had an alcoholic drink, did you drink any BEER (CIDER/LONG DRINK/WINE/SPIRITS). If so, how much?' For cider and long drink (low-alcohol mixture of juice and spirits), and beer in 1999, the options were: 'I never drink X', 'I did not drink X on my last drinking occasion', 'About a bottle or less (<50 cl)', '2-3 bottles or cans (50-100 cl)', '4-6 bottles or cans (101-200 cl)' and 'More than 6 bottles or cans (у200 cl)'. In 1995, the options for beer drinking were: 'I never drink beer', 'I did not drink beer on my last drinking occasion', 'Less than a bottle or can', '1-2 bottles or cans', '3-4 bottles or cans' and '5 or more bottles or cans'. For wine, the options were: 'I never drink wine', 'I did not drink wine on my last drinking occasion', 'Less than a glass (<10 cl)', '1-2 glasses (10-20 cl)', 'Half a bottle (37 cl)' and 'A bottle or more (у75 cl)'. For spirits, the options in 1995 were: 'I never drink spirits', 'I did not drink spirits on my last drinking occasion', 'Less than a portion (<4 cl)', '1-2 portions (4-8 cl)', '3-5 portions (9-20 cl)' and '6 portions or more'. In 1999, the options for spirits were changed to: 'I never drink spirits', 'I did not drink spirits on my last drinking occasion', 'A portion or less (<5 cl)', '2 portions (5-10 cl)', '3-6 portions (11-25 cl)' and 'More than 6 portions (у30 cl)'. In 1995, the questions covered the use of beer, wine and spirits. The set was expanded in 1999 to include cider and long drinks. Lifetime drinking experience was inquired using question 'On how many occasions (if any) have you had any alcoholic beverage to drink in your lifetime?' The options were: 'Number of occasion: 0, 1-2, 3-5, 6-9, 10-19, 20-39 and 40 or more'. The respondents were asked to estimate their degree of drunkenness on a scale using the question 'Use a scale below to estimate how drunk you were when you were drunk the last time.' The scale consisted of 10 tick boxes arranged horizontally with the instruction on the left end stating 'Only a bit' and on the right end stating 'Really drunk; I could hardly stand'. Below the scale, there was an additional tick box for 'I've never been drunk'.
Analysis
The relationships between the amounts of pure alcohol calculated from the set of closed questions and the open questions were studied using Pearson's correlation analyses. Linear regression lines were fitted into the data; the regression line equations are shown in the scatter diagrams. Spearman's rank order correlation analyses were used when studying the correlations between the beverage-specific closed questions and the corresponding figures derived from the open questions. Analyses were conducted using SAS statistical software taking account of the cluster sampling method and strata weights. Clustering may result in erroneously small deviations and thus SAS PROC SURVEYMEANS was used; it also produced 95% confidence intervals for the estimates. Correlation and regression analyses were done using SAS PROC SURVEYREG. However, when we compared the results with PROC REG and PROC CORR, which do not account for clustering, the results were the same. For technical reasons, clustering could not be accounted for in the analyses of rank order correlations. It is not likely, however, that clustering would have a considerable effect on comparisons of two different ways of measuring single occasion drinking amounts. Stratum weights were used in the analyses with the exception of the analyses of rank order correlations. Paired samples t-test was used to test the statistical significance of differences in mean amounts of alcohol. Comparisons of correlation coefficients were made utilizing the Fisher r-to-Z transformation (Hays, 1988, p. 591) .
RESULTS
In 1995, the mean amount among girls was 6.6 cl (95% CI 6.0-7.1) of ethanol using the set of closed questions and 8.5 cl (95% CI 7.9-9.0) when encoded from the open question (difference significant at P < 0.01). The corresponding figures among boys were 8.7 cl (95% CI 8.2-9.2, closed questions) and 11.8 cl (95% CI 11.1-12.5, open question). As among girls, the difference was significant at P < 0.01. In 1999, the amounts of ethanol among girls were 7.7 cl (7.3-8.0, closed questions) and 7.7 cl (7.3-8.0, open question), and among boys 11.3 cl (10.7-11.8, closed questions) and 11.7 cl (11.2-12.2, open question)-the difference was not statistically significant even at P = 0.05. The individual level correspondences between the two figures are shown in Fig. 1 . The correlations between the two measures among girls were 0.69 both in 1995 and 1999, and 0.69 among boys in 1995 and 0.65 in 1999.
The number of students reporting specific beverage type was higher when using closed questions (Table 1) . In 1995 among girls there were on average 19% less responses to an open question compared with the corresponding closed question; among boys, the difference in the same year was 20% on average. The corresponding figures in the year 1999 were 21% among girls and 33% among boys. Long drink (low-alcohol mixture of juice and spirits) was the beverage type that showed the highest discrepancy between numbers reporting use: 49% of the girls that reported having drunk long drinks in the closed question did not do so in the open question. Among the boys the figure was 62%. On average, 87% of the girls and 91% of the boys that reported specific beverage use in the open question did so also in the corresponding closed question. There were no systematic gender or beverage-type specific differences in the rank order correlations between the responses from the two measurement methods.
Adolescents with more lifetime drinking experience showed less correspondence between the two measures of amount of alcohol (Table 2) . When tested for significance between the groups 1 to 9 versus 10 or over drinking occasions, the correlations by drinking experience were significantly different at P < 0.01, except among girls in 1999 when the correlations were significantly different only at P < 0.05.
On a scale from one to ten, the perceptions of drunkenness were at a slightly lower level among girls compared to boys (Table 3) : the median among girls was 5 and the mean 5.3 (95% CI 5.1-5.4) whereas among boys the median was 6 and the mean 6.0 (95% CI 5.9-6.2). The majority of the differences between adjacent drunkenness categories were non-significant (Table 3) . However, the differences across two steps (e.g. 1-3) on the perceived drunkenness scale were statistically significantly different in most cases.
DISCUSSION
The issue of systematic response bias, related to underreporting alcohol use, in adult population questionnaire data (e.g. Pernanen, 1974; Poikolainen and Kärkkäinen, 1983; Edwards et al., 1994; Mustonen et al., 1999) may not be so evident in the case of adolescents. In fact, the research that exists on inconsistencies in reporting alcohol use in adolescent self-report surveys has indicated good reliability and validity (Needle et al., 1983; Hibell et al., 2000; Lintonen, 2001) ; adolescents have been found to be understanding, cooperative and honest. Also, prevalence measurement consistency from year to year has been found to be very good (Hibell et al., 2000; Ahlström et al., 2001; Lintonen, 2001 ). This present study adds to the evidence that the adolescents' self-reports are reasonably reliable and valid both on population and individual levels. Furthermore, the analyses in this present The estimated amounts of alcohol drunk on the latest drinking occasion derived from a set of closed questions differed from that derived in an open question in the 1995 survey. The 1999 survey suggests that discrepancy may be the result of insufficient coverage of the 1995 closed questionsit left out cider and long drinks (low-alcohol mixtures of juice and spirits). These were both popular beverages (Lintonen and Konu, 2001 ) that could not be placed in any of the categories offered (beer, wine, spirits). In 1999, with these two beverages added to the set, the two estimates (open/closed question) were the same on the population level. This result highlights the importance of prior theoretical or empirical knowledge on the phenomenon in question. As Pearson's and Spearman's correlation coefficients tend to display somewhat higher estimates of agreement than kappa and intraclass correlation coefficients (ICC), we also performed the analysis using kappa (for Table 1 ) and ICC (for Table 2 ) and the results were as expected; they gave a similar overall picture but were, on average, around 0.1 smaller than the corresponding correlations. However, it must be noted that the interpretation of kappa also slightly differs from that of a correlationaltogether, the agreements may be considered good (Cohen, 1960; Fleiss, 1981; McGraw and Wong, 1996) .
A noteworthy methodological issue in the survey has to do with the wording of the drunkenness question: '… how drunk you were when you were drunk the last time'. With the other question inquiring the last drinking occasion, these two occasions may have been different. However, the meaning of 'being drunk' has been shown to be quite wide-ranging and thus 'drunkenness' is extremely common among Finnish adolescents (Rimpelä et al., 1999; (Bowling, 1991) ; a high correlation indicates a reliable test. Alternatively to the interpretation as multiple form reliability, the analyses could be seen as a test of concurrent validity (Bowling, 1991, p. 15) or convergent validity (Bowling, 1991, p.15; McDowell and Newell, 1996, p.33) . Convergent validity, in this case, comes very close to multiple form reliability in requiring the measure (set of closed questions) to correlate with another measure (the open question) of this same construct. The concurrent validity interpretation would yield information on the issue of whether the open question, hypothesized as having wider coverage of the issue but being more resource consuming could be replaced by a set of closed questions. Based on the analyses conducted in this present paper it can be postulated that the closed questions are at least as good as an open one in estimating group level consumption. It is even possible that the 'list' of beverages shown in the case of a closed set of questions may aid in memorizing the drinking occasion and thus leading to improved coverage, especially when several drink types have been consumed. As already stated, the use of closed questions calls for good prior knowledge of the major beverage types, as was clearly shown in this present study when comparing the years 1995 and 1999. Harrison (1997) pointed out that according to the social desirability hypothesis, the more stigmatized the drug is, the lower the validity in reporting its use. Possibly adolescents, being as they are in the alcohol experimentation phase, do not view the behaviour either as embarrassing or undesirable. In the case of alcohol in Finland, the norm experienced by the adolescents is actually pro-use (Lintonen and Konu, 2004) , implying no barriers to reporting drinking. At the age of fifteen, reporting substance use is likely to be influenced by peers, especially as the questionnaire is filled in the presence of classmates. A study on the influence of the response context, however, found no difference relating to whether the questionnaire was applied in a school or home context (Needle et al., 1983) . In a methodological study on the effect of administration method in school, Bjarnason (1995) concluded that it did not make a difference whether the questionnaire was administered by the teacher or a research assistant.
Methodological rigidity has been a key issue in the ESPAD survey system at all levels. Separate methodological studies have been conducted (Johnston et al., 1994; Hibell et al., 2000) and methodological analyses have been presented in both national (Ahlström et al., 1997 (Ahlström et al., , 2001 ) and international reports (Hibell et al., 1997 (Hibell et al., , 2000 . In the case of the set used in this present study, the data were well representative of all Finnish adolescents belonging to the target cohorts. The response rate, taken as an indication of validity (Single et al., 1975) , has been very good in the Finnish ESPAD survey.
Adolescent survey non-respondents have been shown to have a higher likelihood of heavier substance use than those that respond (Grube and Morgan, 1989; Lintonen et al., 2000) . The analysis of the effect of drinking experience on reporting reliability seems to indicate that our results may be overestimates of the reliability in the whole adolescent population. Inconsistent answering in the case of alcohol drinking and drunkenness has been shown to be very low in the Finnish ESPAD data set (Ahlström et al., 2001) ; in fact, the lowest among all ESPAD countries (Hibell et al., 2000) . Also, according to teachers' assessments, the disturbances during the data collection were scarce-pupils were interested in the survey and generally worked seriously (Ahlström et al., 2001) .
The cultural context varies greatly between the ESPAD countries and probably affects the willingness to answer honestly. In Finland, methodological studies on adolescent alcohol surveys have indicated good test-retest reliability (Lintonen, 2001) . Some country-specific adjustments were made in the ESPAD questionnaire in Finland (as well as in other countries). Since alcopops are virtually unheard of in Finland and long drinks (low-alcohol mixtures of juice and spirits) are rather popular, the corresponding change was made in the set of closed questions. In the closed set of questions, the numbers of bottles, glasses and drinks were adjusted to Finnish standard sizes. In their study comparing Nordic countries with Mediterranean and Eastern European countries, Hibell and co-workers (2000) observed that while the prevalence estimates remained stable in a 3-5 day test-retest, the self-reports of drunkenness related to amounts drunk were distinctly different across the North-South axis in Europe. Thus the reliability for adolescent self-report on drunkenness shown in this present study may not apply to adolescents in the Southern European countries. Regular surveys on alcohol use among Finnish adolescents have been conducted in Finland since the 1970s, and school surveys are a common phenomenon in Finland. Adolescents in countries less accustomed to surveys and alcohol surveys in general may exhibit quite different patterns of reliability and validity. Care should be exercised when generalizing the findings of this present study to cultures different from the one prevailing in Northern Europe.
Survey self-reports are, and will likely continue to be, the most widely used method of obtaining alcohol use data among adolescents. Designing the measurement tools is a lengthy process involving both theoretical and empirical, possibly qualitative, work. Also, the requirements for correct procedures in sampling, care in data coding and handling must be borne in mind. The main contribution of the present paper to the study of measuring alcohol use is that a well-designed set of closed questions may result in a better coverage of drinking than an open-ended question. As processing openended questions leads to more work on behalf of the investigators, efforts would be better targeted at designing rigorously thought-out closed questions.
